1. Introduction.-Most of the present knowledge of glass structure is based on the work of Warren and his school in the interpretation of x-ray diffraction patterns. In the method used by Warren, a diffraction pattern is converted into an intensity curve from which, by application of the Fourier integral, a radial distribution curve is computed. This curve gives an indication of the amount of scattering matter at any distance from any atom. Thus, in the radial distribution curve of silicon dioxide glass, at the shortest interatomic distance, silicon to oxygen = 1.62 A, there is a well-defined peak. The area under this peak represents four oxygen atoms, an indication that the tetrahedral arrangement of oxygen atoms about silicon which is found in all crystalline silicates obtains in glass. At the next shortest interatomic distance, oxygen to oxygen = 2.65 A, there is another peak, poorly resolved, but which may be considered to represent approximately six oxygen atoms about each oxygen atom. A third peak occurs at twice the silicon to oxygen separation and may be interpreted as representing the silicon to silicon distance. At larger radial distances, there is so much overlapping of peaks due to the great number of interatomic distances and to the fact that the peaks become broadened because of the random nature of glass structure that further interpretation is difficult.
Similar curves have been computed by Warren and his co-workers for series of glasses consisting of soda-silica,' soda-boric oxide,2 potassium oxide-boric oxide3 and pure silica and pure boric oxide.4 In all of these cases only the shortest two or three interatomic distances can be interpreted. No information can be obtained regarding the distribution of the metallic atoms.
2. The Diferential Method.- Figure 1 (a) shows a typical radial distribution curve for soda-silica glass as obtained by Warren and Biscoe.'
The peak due to the silicon to oxygen separation, 1.62 A, is clearly resolved.
A second peak occurs at a radial distance of about 2.4 A. This is poorly resolved and is, actually, two peaks, one due to sodium to oxygen at 2.35 A and one due to oxygen to oxygen at 2.65 A. I major peaks at distances from the origin of 2.4, 3.65 and 4.75 A. A fourth major peak occurs in the region of 6.3 A, but this is less well resolved. These major peaks persist throughout the entire composition range studied by Warren and Biscoe.' There are also a number of minor peaks which may or may not be significant, depending upon the extent to which they are affected by errors inherent in the method.
The first major peak on the differential radial distribution curve is due to the sodium-oxygen interatomic distance of 2.35 A. This peak was observed by Warren and Biscoel on their curve, figure 1 (a), where it appears unresolved from the oxygen-oxygen peak at 2.65 A. The position of the peak remains substantially unchanged with increasing soda content of the glass, but the area beneath it varies, increasing in general. The second major peak may be attributed to the first sodium-sodium distance. Its position shifts slightly with increasing soda content, and the area beneath it increases regularly, both of which facts are consistent with an interpretation of the peak as being due to a sodium-sodium interatomic distance. The third peak may be due to a second sodium-oxygen distance or a second sodium-sodium distance.
Since the primary purpose of this paper is to outline the principle of the differential method, the above interpretation of the peaks should be considered to be illustrative rather than conclusive. The available data were not designed for this type of treatment, and the results are naturally somewhat crude. It is hoped to supplement this superficial analysis when better data are available.
3. Sources of Error.-There are certain sources of error that affect the nature of the differential curve and complicate its interpretation. The data used to construct the curve in figure 1 (c) were taken from published curves which in themselves are accurate only to about one part in ten, and the process of subtraction makes the result subject to considerable error. For this reason, only major peaks which persist throughout the entire composition range can be considered as being significant. Minor peaks may be real, but they may also be due to errors in plotting or measurement.
A theoretical error is introduced by the assumption that the radial distribution of scattering matter about silicon and oxygen does not change. For the radial distances involved here, it seems safe to assume that the interatomic distances do not change appreciably, but the area beneath the curve becomes smaller. In the first place, the area beneath the curve representing the distribution of scattering matter about silicon and oxygen depends upon the total number of silicon and oxygen atoms present in a given volume, and this number decreases as the soda content increases. Also, the number of oxygen atoms about each oxygen becomes less with increasing soda content.' The net effect is the subtraction of too much density. The areas of the residual peaks are too small, and their positions may be shifted slightly.
4. Sodium and Potassium Borate Glasses.-Curves similar to figure 1 (c) have been constructed for soda-boric oxide glasses, using the curves of Biscoe and Warren2 and for potassium oxide-boric oxide glasses, using the curves of Green.3 The interpretation of these curves is made the more difficult by the fact that the co6rdination of boron changes from three to four with increasing metal content.2' 3 The residual peaks are subject to more error than those of silica glasses where the coordination groups of silicon and oxygen do not change. However, in the case of the soda-boric oxide glasses, the differential radial distribution curves show sharp peaks at 3.4 and 4.5 A which may be due to sodium-sodium distances. In the potassium oxide-boric oxide series, the differential curves show a sharp peak at 3.3 A which may be the potassium-potassium separation. In both series of glasses, the area under the peaks which are tentatively assigned to the metal to metal separation increases regularly with increasing metal content.
5. Extension and Improvement of the Differentia Method.-In an accompanying article,5 M. J. Buerger discusses the application of the differential technique to the synthesis of Fourier series in crystal structure determinations. Applying the idea of atom for atom substitution developed by him to the glass problem, it is possible to eliminate one of the sources of error, namely, the change in area due to the change in coordination of oxygen atoms about oxygen atoms and to the decrease in absolute numbers of silicon and oxygen atoms present in a given volume. The curve of a lithiasilica glass, for instance, might be subtracted from one of a soda-silica glass of the same molal composition. Assuming the silicon-oxygen framework to be the same in the two glasses, and adjusting for the change in absolute numbers of silicon and oxygen atoms, if necessary, one may entirely eliminate the radial distribution about silicon and oxygen. (Peaks due to the distribution about lithium would be small, and only minor errors would be introduced by subtracting them. These errors might be accounted for by computing the expected areas of the peaks.) One may also extend the differential technique to liquids and solutions, or, in some cases, to gases. In effect, with appropriate variations of composition, radial distribution curves may be computed for the density of scattering matter about any desired atomic species.
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